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PROTECTIVE ELEVATIONS TO CONTROL SEA WATER
1.0 BACKGROUND 
This technical memorandum was prepared in support of preventing revocation of Permit 11043 (State of 
California Division of Water Rights Permit for Diversion and Use of Water 
dated 11-Jul-49).  Permit 11043 allows for appropriation of water from the Salinas River in Monterey 
County California, the quantity of which shall not exceed 400 cfs with an annual maximum diversion 
amount not to exceed 168,538 acre
complement existing projects or implement new projects such as:
 
• Increase Ground Water Levels in the Pressure Area to Control Sea Water Intrusion
• Provide Additional Recharge to the Forebay And 
• Provide More Water to the Salinas Valley Water Project
• Expansion of CSIP Deliveries
• Reduce Pumping in Pressure Area (in Lieu Recharge)
 
This report addresses one of the potential beneficial uses, that is, using the diverted water to help 
increase ground water levels in the Pressure and 
high quality diverted water would also result in improvement of ground water quality by blending with 
native ground water. 
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-ft/yr.  Beneficial uses of the diverted water would add to and 
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          19-Nov-13 
 
 
ermit 11043 
 
 intrusion.  The 
Protective Elevations to Control Sea Water Intrusion 
 
2.0 DESCRIPTION OF AQUIFER SYSTEM
Water-bearing materials in the northern portion of the Salinas Valley, from oldest to youngest, consist of 
the Pliocene Marine Purisima Formation, Plio
Red Sands and the Holocene Valley Fill materials (
Hanson et al. (2002), the upper portion of the aquifer system is present in the Holocene river and dune 
deposits, Valley Fill, Pleistocene Aromas Sands and the Paso Robles Formation.  These water
deposits consist of sand and gravel units which form aquifers in the upper 1,000 ft bgs
ft and 2,000 ft, the Pliocene Purisima Formation contains permeable sedimentary deposits which form a 
deeper aquifer system. 
Aquifers in the Salinas Valley Ground Water Basin have been named for the average depth at which they 
occur.  Beneath the center of the Salinas Valley within nine miles of the coast, the “180
lies at an approximate depth of 50 to 250 ft, and has a thickness of 50 to 
180-Foot aquifer may correlate in part with the older valley
Consultants, 2004; DWR, 1973; and Greene, 1970)
Valley Aquitard (DWR, 2003; Hanson et al., 2002).  The Salinas Valley Aquitard varies in thickness from 
25 ft to more than 100 ft near Nashua Road, five m
Watson, 1994).  Zones of discontinuous aquifers and aquitards approximately 10 to
the 180-Foot aquifer (DWR, 1973).  The 
400 ft bgs, has a thickness of 230 to 350 ft
Robles Formation (Hanson et al., 2002; Greene, 1970)
Foot Aquifer,” is separated from the overlying 400
2003) and may be correlated with the Paso Robles Formations (Hanson
2 depict the 180-Foot and 400-Foot aquifers.  The 900
Existing published reports contain geohydrologic cross
as those available in Greene (1970), DWR (1973), Harding ESE (2001), Hanson et al. (2002), and 
Kennedy/Jenks (2004).  Cross-sections prepared by Kennedy/Jenks (2004) were used to help evaluate 
the extent of the base of the 180-F
of this memorandum (also see Appendix A).
 
 
                                                          
1
 Below ground surface 
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S 
-Pleistocene Paso Robles Formation, Pleistocene Aromas 
Greene, 1970).  In the Salinas Valley, according to 
150 ft (Greene, 1970).  The 
-fill and upper Aromas Sands
 and underlies a confining layer known as the Sal
iles west of Salinas (DWR, 1973;
 200 ft thick underlie 
“400-Foot Aquifer” lies at an approximate depth between 200 to 
, and may correlate with the lower Aromas Red Sands or Paso 
.  A deeper aquifer, also referred to as the “900
-Foot aquifer by a blue marine clay aquitard (DWR, 
 et al., 2002).  Figure 1 and Figure 
-Foot aquifer is not shown on Figure 1 or Figure 2.
-sections of varying detail and applicability 
oot and 400-Foot aquifers and are discussed in a subsequent section 
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3.0 PRESSURE AND EAST SIDE HYDROLOGIC SUBAREAS
Hydrologic subareas of the Salinas Valley have been delineated based on sources of ground
recharge as well as stratigraphy.  Historically, recharge to the Northern Salinas Valley comes primaril
from two hydrologic subareas: underflow from the southern Forebay Subarea and underflow from
northeast East Side Subarea.  The 
and Forebay Subarea on the south.  
The East Side Subarea is recharged by streams draining the Gabilan Range to the northeast and from 
direct precipitation during wet years.  The 180
are not found in the East Side Subarea.  However, the 
stratigraphically correlated to equivalent zones in 
aquifers).  Therefore, the Pressure and 
At one time (before excessive pumping), the 
recharge to the adjacent Pressure Subarea with ground water flowing from the northeast to the 
southwest.  However, historical ground water level dec
That is, ground water now flows from the Pressure Subarea to the 
southwest to the northeast—see Figures 3 
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East Side Subarea is bounded by the Pressure Subarea o
 
-Foot and 400-Foot aquifer zones in the Pressure Subarea 
East Side Shallow and Deep Aquifers can be time
the Pressure Subarea (i.e. 180-Foot and 400
East Side are in fact, hydrologically connected. 
East Side Subarea was one of the natural sources of 
lines have resulted in a reversal of the gradient.  
East Side Subarea (i.e. from the 
and 4). 
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4.0 HISTORICAL INTRUSION OF SEA WATER IN
In general, ground water flows from areas of recharge to areas of discharge and the Salinas Valley is no 
exception.  In the main Salinas Valley, ground water flows in a northwesterly direction from the inland 
recharge areas (Forebay Subarea) to the coast. 
Subarea southwesterly into the Pressure Subarea. 
ocean) controlled inland migration of salt water into coast
lowered ground water levels in both 
landward hydraulic gradient which has caused extensive sea water intrusion (see Figures 3 and 4).  It is 
believed that the primary mechanism of 
180-Foot and 400-Foot aquifers offshore of Monterey Bay.  These outcrops are in direct hydraulic 
continuity with the Pressure Zone 180
Monterey County Water Resources Agency (MCWRA
intrusion, are shown on Figures 5 and 6
of these figures shows that the rate of 
implementation of the Salinas Valley Water 
However, intrusion continues (albeit at a slower rate), migrating inland and salinating fresh
aquifer systems.  The following table summarizes the rate of 
Valley as measured from the MCWRA plots (Figures 5 and 6).
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 THE 180-FOOT AND 400-FOOT AQUIFERS
 Ground water also historically flowed from the 
 This natural flow of fresh ground water (towards the 
al aquifers.  However, historical pumping has 
the 180-Foot and 400-Foot aquifer systems such that there is a 
seawater intrusion is through the submarine outcrops of the 
-Foot and 400-Foot aquifers.  Graphical plots published by 
, 2012) delineating historical ext
 for the 180-Foot and 400-Foot aquifers respectfully.  An analysis 
seawater intrusion has progressively slowed due to 
Project and the Monterey County Recycling
seawater intrusion in the northern Salinas
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Historical Rate of Sea Water 
Time Interval
1944-1965
1959-1975
1965-1975
1975-1985
1985-1993
1993-1997
1997-1999
1999-2001
2001-2005
2005-2007
2007-2009
2009-2011
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Table 1 
Intrusion in the 180 and 400-Foot Aquifers, ft/yr
 
 
Aquifer 
180-Foot 400-Foot 
 557 - 
 - 391 
 659 - 
 665 545 
 930 406 
 1028 1185 
 4086 1829 
 1418 1243 
 722 572 
 760 303 
 430 183 
 600 134 
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5.0 CONTROL OF SEA WATER INTRUSION 
Well over 100 years ago, two independent investigators Ghyben and Herzberg determined that salt 
water in aquifers was found at a depth below sea level of approximately 40 times the height of the fresh 
water above sea level (Todd, 1980).  This distribution was due to the hydro
the densities of fresh water and seawater
as the Ghyben-Herzberg relation and assumes under hydrostatic conditions that the weight of a unit 
column of fresh water, extending from the ground water level to a point on the fresh/salt water 
interface, is balanced by a unit column of salt water extending from sea level to the same point on the 
interface.  The figure below illustrates this principle. 
Schematic Showing Protective Elevations and the Ghyben
 
Protective elevations are defined as those ground water elevations which will keep the fresh/salt water 
interface from migrating inland.  In the northern portion of Salinas Valley these elevations n
above sea level and the flow of ground water towards the coast.
Ground water recharge (direct and in lieu), 
hydraulic gradient.  Additional recharge in the F
northern pressure zone as underflow. 
subsurface inflow from the Pressure Subarea and eventually restore the historical northeast to 
in the Salinas Valley, CA      
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6 
– PROTECTIVE ELEVATIONS 
static equilibrium between 
.  The equation which explains this phenomenon is referred to 
 
 
-Herzberg Relation
 
could be used to replenish storage and maintain a seaward 
orebay area would result in additional recharge to the 
 Artificial recharge in the East Side Subarea would reduce 
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southwest recharge.  Both northwest underflow from the Forebay Subarea as well as southwest 
recharge from the East Side Subarea would help control 
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seawater intrusion.   
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6.0 PROTECTIVE ELEVATIONS FOR THE 180
One of the initial steps in the planning
protective elevations.  As discussed above, in a simple hydrostatic case, protective elevations are 
defined as those ground water elevations (above sea level) which, due to density differences b
fresh ground water and seawater
water interface. 
 
Schematic Showing Water Level Needed to Prevent Sea Water Intrusion (DWR, 1946)
The above sketch is from Plate 10 
hydraulic gradient to prevent seawater
concentration is that of pure seawater
                                                          
2
 http://shorestation.ucsd.edu/active/index_active.html
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-FOOT AND 400-FOOT AQUIFERS 
 process for control of seawater intrusion is to quantify the 
, create a balance or equilibrium condition of the fresh water
in DWR (1946) and shows the concept of establishing a seaward 
 intrusion.  Near the coast it may be assumed that the chloride 
 (18,500 mg/L)
2
 and the Ghyben-Herzberg 40:1 relation applies.  
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The extent of seawater intrusion varies in different aquifers due to a multitude of factors including 
aquifer depth, tidal influence, variation in hydrology and other water balance components. 
for planning purposes, the protective elevations as calcula
considered realistic for control of 
coast and merged with historical (1938) 
 
Specifically, protective elevations for the 
1. The elevation of base of the 180
cross-sections and other publications (Figures 7, 8 and Ap
2. The Ghyben-Herzberg relation of 40:1 was used to calculate 
Coast for each aquifer (see Figures 1 and 2).
3. Using the protective elevation
obtained from DWR Bulletin 52 (1946)
seaward hydraulic gradient of 0.0002 ( 1 ft/mile) for both the 180
This seaward hydraulic gradient is 
coastal protective elevations are 
controlled.  
Figures 9 and 10 show the protective elevation
Salinas Valley. 
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ted in this technical memorandum are 
seawater intrusion.  Protective elevations were calculated near the 
elevations obtained from Plates 8 and 9 (DWR
180-Foot and 400-Foot aquifers were calculated as follows:
-Foot and 400-Foot aquifers were obtained from recent 
pendix A). 
the protective elevations at the 
 
s at the coast and historical ground water flow directions as 
,  the protective elevations were created assuming a 
-Foot and 400
somewhat less than the historical gradient but as l
maintained by seaward flow, seawater intrusion can be 
s and direction of ground water flow in the Northern 
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7.0 HISTORICAL DEPLETION OF STO
The ground water storage depletion between 
ground water elevations (Figures 3 and 4) was 
between the town of Salinas and the Coast.  
multiplying the historical change in hydraulic head 
the 180-Foot aquifer, the current gro
protective elevations (Figure 9).  This differ
the storativity.  Similarly, for the 400 Foot a
current water levels (Figure 4) from protective elevations (Figure 10) and mult
400-Foot aquifer storativity.  Incremental areas and s
from the SVIGSM
3
 model cells.   
Keep in mind that since these aquifers are confined and semi
storage is relatively small and is due to the 
volume is several orders of magnitude lower than the 
pore space) in an unconfined state.  Table 2 summarizes historical change in ground water storage.  
 
Historical Depletion of Storage in a Portion of the
Aquifer 
Area Between the 
Coast and Salinas
acres 
180-Foot 84,000 
400-Foot 84,000 
 
 
 
                                                          
3
 Salinas Valley Integrated Ground Water-Surface Water Model
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RAGE IN A PORTION OF THE 180-FOOT AND 400-
the protective elevations (Figures 9 and 10) and current 
made for a portion of the 180-Foot and 400
Historical ground water storage depletion 
by the area and aquifer storativity.  
und water elevations (Figure 3) were subtracted from the 
ence was then multiplied by the 180-Foot 
quifer, the depletion in storage was calculated 
iplying by the 
torativity values for each aquifer 
-confined, the change in
compression of the aquifer and expansion of the water.   This 
water which would drain by gravity (f
Table 2   
 180-Foot and 400-Foot Aquifers Between the Town 
of Salinas and the Coast 
 
, 
Average Decline of 
Water Level 
 ft 
Aquifer 
Storativity 
Volume of Storage 
33 0.004 
51 0.00009 
TOTAL 
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FOOT AQUIFERS 
-Foot aquifers 
was estimated by 
For example, for 
aquifer area and 
by subtracting 
area and the 
were obtained 
 ground water 
rom aquifer 
 
Depleted acre-ft 
11,100 
400 
11,500 
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8.0 FLOW NEEDED TO MAINTAIN A SEAWARD HYDRAU
Table 2 (above) shows that a relatively small amount of water is necessary to replenish confined and 
semi-confined aquifer storage.  More
establishment of the coastal protective elevations and 
between 1970 and 1992 approximately 16,000 a
Foot aquifers (Montgomery Watson, 1994).  
The amount, location and timing of ground water recharge (direct and in lieu),
protective elevations and a seaward hydraulic gradient 
model results, and assuming 2030 land use conditions, 12,000 acre
Phase I facilities and 48,000 acre-
hydrologic variability in the Salinas Valley area, in order to supply a total of 60,000 acre
average), to the SVWP, it will be necessary to have the right to divert up to 135,000
Salinas River.  
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LIC GRADIENT 
 important in controlling seawater intrusion however, 
seaward hydraulic gradients.  It is
cre-ft/yr of intrusion occurred in the 180
 
 needed to maintain 
was determined using the SVIGSM.  
-ft/yr will be required from the SVWP 
ft/yr will be required from the SVWP Phase II facilities.  Given the 
 acre
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Based on 
-ft/yr (on 
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APPENDIX A 
Cross-Sections Used to Delineate Base of 180-Foot and 400-Foot Aquifers 
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